Here, we describe the crystal structure of a complex the A helices of HEAT 6 and HEAT 7 (green and blue in Figures 1A and 1B) . Both Ib442 chains in the asymmetric formed between residues 1-442 of importin-␤ (Ib442) and a construct containing five tandem FxFG repeats unit showed the same pattern of difference density on their surface and, in particular, each primary site showed from nucleoporin Nsp1p (FF5). The FxFG cores of FF5 bind on the convex face of Ib442 at a primary site located two large protrusions consistent with the presence of the two Phe side chains of the FxFG repeat core. After between the A helices of HEAT repeats 5 and 6 and at a secondary site between the A helices of HEAT repeats iterative cycles of fitting the sequence of the Nsp1p repeats to the density, followed by simulated annealing 6 and 7. Neither site overlaps the RanGTP binding site and RanGTP may release importin-␤ from the nucleoof the repeat sequence, the R factor was reduced to 22.5% (R free 26.2%). The final structural model (Table 1) crystals (Matthews, 1968) . We searched exhaustively for a molecular replacement solution for a third chain, but none could be obtained that reduced the R factor. Moreover, inspection of the preliminary Experimental Procedures model indicated that there did not appear to be a sufficiently large additional volume to insert a third Ib442 chain in the asymmetric Protein Preparations Truncated importin-␤ corresponding to residues 1-442 (Ib442) was unit. After rigid body refinement based on individual HEAT repeats and group B factor refinement, the R factor of the molecular replacemade by PCR from cloned human importin-␤ cDNA (Dr. S. Adam, Northwestern University, Chicago). After cloning into expression ment solution reduced to 29.8% (R free 31.5%). Positional refinement using conjugate gradient minimization, Cartesian slow cooling, and vector pET15b, sequencing confirmed that no mutations had been introduced. Ib442 protein was expressed in E.coli strain BL21(DE3) torsion-angle simulated annealing with strong noncrystallographic symmetry constraints, alternating with local rebuilding, produced a containing the pLysS plasmid (Studier et al., 1990) at 37ЊC and, after lysis and clarification, was purified by DE52 ion-exchange chromafinal model for the two Ib442 chains in the unit cell in which the R factor was reduced to 25.1% (R free 28.3%). It was unlikely that such tography followed by gel filtration. The protein was over 95% pure by SDS-PAGE using Coomassie staining (Laemmli, 1970) . Ib442, R factors could be obtained if our model lacked an entire Ib442 chain. Moreover, there was no obvious F o ϪF c difference density I178A, I178F, and I178D mutants were made using the QuikChange site-directed mutagenesis kit (Stratagene, La Jolla, CA) and seindicative of a third Ib442 chain. However, both the 2F o ϪF c density map obtained after solvent flipping and the F o ϪF c difference denquenced to ensure that the correct mutation had been made and that no other mutations had been generated. The mutations were sity map showed two elongated cylinders of density on the convex surface of both Ib442 chains in the asymmetric unit which we attribintroduced into full-length importin-␤ by cutting a SalI/KpnI fragment out of the Ib442 mutant plasmids and inserting it into full-length uted to the parts of FF5 that were in close association with Ib442. One of these cylinders was located between the A helices of HEAT importin-␤ digested with SalI/KpnI. The same mutations were introduced into S-tagged full-length importin-␤ using NcoI/NheI sites. repeats 5 and 6, whereas the second was located between the A helices of HEAT repeats 6 and 7. The difference density between Wild-type and mutant full-length importin-␤ were expressed in BL21(DE3) strain of E.coli at 37ЊC overnight without induction and HEAT repeats 5 and 6 was stronger and had two very clear lobes indicative of large sidechains in close proximity to the surface of purified using DE52 ion-exchange chromatography, phenyl-Sepharose affinity chromatography, and gel filtration. The yeast Nsp1 the Ib442 chain and which we identified with the two Phe residues of the sequence repeat core. After alternating cycles of fitting the (Nehrbass et al., 1990) FF5 construct, corresponding to residues 497-608 with short C and N extensions (MGSS and MQA), was sequence of the FF5 repeats to the density, simulated annealing refinement of the FF5 chains, and manual adjustment, the R factor cloned into expression vector pMW172, expressed, and purified as described for other Nsp1p FxFG constructs (Clarkson et al., 1996) . was reduced to 22.5% (R free 26.2%). Noncrystallographic symmetry was applied to the repeat cores (AFSFG see Figure 1 ), but some
